vines each long enough to provide 10 cuttings of 10 cm length for rapid multiplication. The number of cuttings depended on the growth habit of the variety. Irene, a popular variety in Mozambique, is erect and bushy and could only provide four cuttings over the same period. Growth habit especially under a changing climate should be considered in breeding programs as an option of facilitating a sustainable and easy seed system.
Introduction
Sweetpotato (Ipomoea batatas [L.] Lam.) is cultivated in both tropical and sub-tropical climates, contributing to national food and nutritional security in many developing countries (FAO 2009; Truong et al. 2011) . In Mozambique and other countries in sub-Saharan Africa, sweetpotato is used instead of bread and other food stuffs in low income households (Kapinga et al. 2005) and its sale can also generate incomes for smallholder farmers and traders (Rees et al. 2001) .
In Mozambique, a total of 19 orange -and three purplefleshed sweetpotato varieties were released since 2011 (Andrade et al. 2016a (Andrade et al. , 2016b . The varieties were released as drought tolerant and perform well in the drought prone regions of Southern and Western Mozambique. The agricultural sector is the most vulnerable to climate change, where drought tops the list among abiotic constraints to crop productivity in Mozambique. Approximately 95% of crop production areas are rainfed and under the custody of small-scale farmers. In these regions, the persistent droughts have forced farmers to diversify out of maize, the leading food grain, and other cereal crops (Andrade et al. 2006) . Given its drought tolerance, adaptability to low external input requirements and nutritional qualities, sweetpotato has become a priority in crop based strategies for enhancing food and nutritional security in the tropics (Bouis and Islam 2012; Pfeiffer and McClafferty 2007) . In https://doi.org/10. 1515/opag-2018-0012 received February 28, 2018; accepted April 23, 2018 Abstract: Vines are the major source of planting material in sweetpotato. Extended dry spells hinder conservation of vines and in turn affect the availability of planting material at the onset of rains in southern Africa. In some cases, improved sweetpotato germplasm has been lost by smallholder farmers in Mozambique due to prolonged dry spells. Small to medium roots provide an opportunity to conserve germplasm and get planting material at the beginning of the rainy season. The objectives of the study were to (i) measure sprouting ability of diverse germplasm of sweetpotato -farmer varieties, improved clones and released varieties and (ii) estimate their ability to provide planting material for the next crop in southern Mozambique. Trials with 29 genotypes were established in a randomized complete block design with two replications at Umbeluzi Research Station and Nwalate Farm in 2015 , 2016 and 2017 . At harvest, 14 small to medium roots were selected and stored in small plastic dishes filled with dry sand at Nwalate Farm. After four months in storage, 10 similar roots were taken and planted in 1 m row plots arranged in a randomized complete block design with two replications. The trials were irrigated to initiate sprouting and support plant growth during the first four weeks. Data collected were analysed using SAS 1996. All the tested genotypes sprouted after sowing. The number of sprouts per root were significantly affected by the genotype, location and genotype x location x year interactions. Caelan had the most sprouts per root. Sprout length measured at six weeks after sprouting was also significantly affected by genotype, location, year and genotype x location x year interactions. Caelan had the season were mentioned prominently. Earlier on, Almekinders et al. (1994) had argued that different seed sources do not guarantee a viable seed system in sweetpotato because either smallholder farmers do not know of the technology or technology is not suitable for them. The challenges facing southern Mozambique and Tete province in Mozambique are prolonged dry spells and the disappearance of low lying areas with residual moisture due to climate change. In addition, mixed croplivestock farming systems are practiced and rodents pose a threat for groundkeeper storage roots.
Storage of non-damaged small unmarketable roots in dry sand at smallholder farmers' homes during the dry period seems to offer a better avenue for conserving sweetpotato germplasm in drought prone regions. The roots are sprouted in protected beds, between 5 and 7 weeks before the onset of the rain season (Namanda et al. 2012) . Vine cuttings from sprouted roots is a widespread practice in China and has a yield advantage of 30% above normal planting material (Fuglie et al. 1999) . The current study was formulated to assess the ability of a diverse sweetpotato germplasm collection to provide vines from roots stored in dry sand for four months as sources of planting material for subsequent seasons in southern Mozambique where prolonged dry spells are common.
Materials and methods

Study material
A total of 29 sweetpotato genotypes (Table 1) (Ripado 1986) . Nwalate lies at an altitude of 8 m.a.s.l., 7 km west of Umbeluzi Mozambique, 24% of sweetpotato production derives from drought tolerant orange fleshed varieties. Increasing the diversity of crop varieties is important to achieve food security in the face of a changing climate (Cotter and Tirado 2008) . The effects of climate change are predicted to increase the severity of drought, crop yield reductions and area under crop production (Li et al. 2011; Gregory et al. 2005) . Irrigation technologies do not exist or are poorly developed and in most cases not accessed by smallholder farmers due to their prohibitive costs in Mozambique.
Study locations
The most popular method of sweetpotato propagation in Mozambique and other countries in sub Saharan Africa is vine cuttings from existing crops (Loebenstein and Thottappilly 2009 (Mutandwa 2008; Kapinga et al. 1995) . Inadequate and insufficient planting material reduces planting area, potential yield, overall harvests and general agricultural performance (Ogero et al. 2012) . In 2001, only 7% of the sweetpotato growers had access to healthy seed in Kenya where seed systems are better developed than Mozambique (RoyMacauley 2002).
There is little published information on sweetpotato seed systems and available options of conserving varieties in the farming communities. The system is dominated by farmer to farmer seed exchange and farmers source planting material in their own fields. Due to diversity and complexity of smallholder farming system in Southern Africa, McEwan et al. (2016) discussed many methods used to conserve vines in the region. Low lying areas and groundkeeper storage roots for sprouting later in replications. A row-to-row distance of 0.9 m and a plantto-plant spacing of 0.3 m was maintained. The trials were planted in mid-January in 2015, 2016 and 2017 under rainfed conditions supported by irrigation during dry spells at both Umbeluzi Research Station and Nwalate Farm. A total of 60 mm of irrigation water was applied fortnightly during the dry spell. The trials were established without any basal or top dress fertilizer application at both locations. The fields were also kept weed and pest free by hand hoe weeding at weed appearance and chemical pest control at each location.
Data recording at 150 days after planting
Multiple traits were measured at different growth stages based on accepted sweetpotato trait ontology (http:// www.cropontology.org/ontology/CO_331/sweetpotato). Harvesting was done at 150 days after planting (DAP) and 14 small to medium sized undamaged roots were selected Research Station. The soils are porous, cracking black alluval soils which are compact and sticky when wet. The soils are rocky from 1 m depth level.
Rainfall data
Rainfall, and maximum and minimum temperatures were measured on a daily basis using HOBO U30 NRC-SYS-B Weather station during the period of the trials at Umbeluzi Research Station and conventional weather station at Nwalate Farm (Table 2) .
Experimental design and agronomic management of the production of roots which were used in the sprouting trials
Single row plots 4 m long were assigned to each genotype following a randomized complete block design with two Single row plots 1 m long were assigned to each genotype following a randomized complete block design with two replications. Five storage roots were planted in a 1 m row at a plant-to-plant distance of 0.25 m. A row-to-row distance of 0.9 m was maintained with no space left at either the sides or ends of the plots. The trials were watered by a manual watering can along each row at planting and twice a week until seven weeks after sprouting. No fertilizer was applied to the trials.
Data recording for sprouting trials
Data on the number of sprouts per root at four weeks and length of the sprouts at six weeks were recorded.
Data analysis
SAS/STAT Software (SAS 1997) was used for the analysis of variance (ANOVA) and estimation of trait means across locations. Another three good storage roots were randomly selected from each plot at harvesting and sent to CIP laboratory in Maputo for quality traits assessment. The following traits were measured: -Dry matter content (DM, %). A sample of approximately 50 g was taken after bulking the three peeled roots for each genotype and replication and freeze dried at 72 o C for 72 hours. After freeze drying, the samples were reweighed to determine the dry matter content.
-Starch using the Near-infrared reflectance spectroscopy (NIRS) technology on the milled freezedried samples (Burgos et al. 2009 ).
Sprouting trials
Ten roots were drawn out of the storage room after four months of storage during the first week of November in 2015, 2016 and 2017 and planted in a seed nursery Nwalate Farm (Table 4) . Years had highly significant effects on number of sprouts per genotype, length of sprouts measured at six weeks, dry matter and starch contents measured at harvest. The sowed roots gave the highest number of sprouts per root in 2017 while longest sprouts were produced in 2015 (Table 5 ). Xitsekele and Caelan had the least and most sprouts per root across the two locations respectively (Table 6 ). In terms of length of sprouts measured at six weeks after sowing, MUSG11016-1 and Caelan had the shortest and longest sprouts respectively. The dry matter was higher than 30% in all purple, white and yellow fleshed genotypes and the same genotypes had most starch at harvest. At four months after storage, the same genotypes had higher than 26% dry matter contents and higher starch contents. There was a decrease in dry matter and starch contents by an average of 10.55 and 9.74% respectively when compared at harvest and after four months of storage (Table 6 ).
The Pearson correlation coefficients showed significant positive correlations between number of sprouts per root and the starch content at harvest and the length of sprouts measured at six weeks after sprouting (Table 7 ). Significant correlations above 0.15 also existed between the length of sprouts measured at six weeks after sprouting and the dry matter content at harvest Ethical approval: The conducted research is not related to either human or animals use.
Results
The dry season was characterized by no to little rains and stretched for a minimum period of five months ( Table  2 ). The dry seasons of 2015 and 2017 received the least rainfall during the three years and Nwalate Farm was most affected. The trials received enough rainfall after establishment in November 2017 at both locations for sprouting and growth of vines.
Genotype x location x year interactions had highly significant differences on the length of sprouts measured at six weeks after sprouting and significant effects on number of sprouts per root (Table 3 ). The expression of quality traits, dry matter and starch contents measured at harvest (150 DAP) and four months after storage at the two locations were highly and significantly influenced by the genotype x location x year interaction. Locations had highly significant differences for the length of sprouts measured at six weeks. Number of sprouts per genotype were significantly different between locations. Umbeluzi Research Station had higher means for both length of sprouts measured at six weeks after sprouting and number of sprouts per root than (positive). The starch content measured at four months after storage had negative correlations with number of sprouts per genotype and sprout length at six weeks. The correlation between starch content at four months storage and number of sprouts per genotype was significant and slightly above 21%. Dry matter content were highly signficantly correlated to starch content.
Discussion
The small-scale farmers who make up 99.7% of total farmers are too resource poor to mitigate the effects of long dry season through irrigation yet conservation of sweetpotato germplasm/varieties is largely through vine cuttings. To minimize the losses associated with farmers not accessing enough -sometimes any -planting material at the beginning of the season, the current study proposes the use of vines sprouting from small to medium roots as basic seed/startup material for each season. Storing storage roots of little commercial value in cool dry sand during the dry season and sprouting them prior to the rainy season offers a practical solution to problems associated with enough planting material during the rainy season and the erosion of improved varieties in dry prone areas of Mozambique. All the genotypes evaluated in the current study could be stored over the dry season and sprouted. However, genotypes had significant differences on the number of sprouts per root. The variation on sprouting from planted roots has been observed and heritability of sprouting was estimated to be low to moderate [h 2 =0.4 (Jones 1986); h2 =0.56 (Andrade et al. 2017) ]. This offers good news to breeding programs that clones with greater sprouting ability could be developed. The top 10 ranking varieties in Mozambique were Caelan, Delvia, Bita, Ivone, Tacna, Alisha, Lawrence, Victoria, Amelia and Irene and all had >10 sprouts per root at four weeks after planting. The number of sprouts per root depended largely on the root size of the genotype. Sprouts can develop at any position of the root, but the distal and apical ends of the roots produced more sprouts than any other part in the current study. Farmers who consider sweetpotato production as a business are advised to reserve generous sized storage roots of marketable class depending on genotype as a source of seed for the next planting. This assures many sprouts per root.
Location and year showed significant differences on the number of sprouts per root. The weather conditions in each year are different. Rainfall commenced two weeks after sowing the storage roots at Umbeluzi Research Station and Nwalate Farm in 2017. This allowed even distribution of water in the soil as compared to irrigation by a watering can. More sprouts per root were realized in 2017 than 2016 or 2015 at both locations. The locations were different with different soil types and quality of irrigation water. Soils at Umbeluzi Research Station are sandy loams while Nwalate Farm has black alluvium soils which are sticky when wet. The number of sprouts per root were higher at Umbeluzi Research Station than Nwalate Farm. Most soil types under smallholder cultivation ranges from sandy to sandy loams offering a chance to realize many number of sprouts per root. Temperature also affects the rate of respiration, development of rooting micro-organisms and influences the rate of sprout growth. Length of sprouts measured at six weeks were strongly affected by genotype, location, year and genotype x location x year interactions. Previous reports by Ravi and Indira (1999) indicated that location had major influence on length of vines. Caelan, Delvia, Bita, Ivone, Tacna, Alisha and Xiadla-xikau had sprouts longer than 75 cm. However, all the tested genotypes had sprouts of desirable length (20 -30 cm) ready for harvest and normal planting at six weeks (Bautista and Vega 1991) . The tested genotypes could provide 2 to 8 cuttings for rapid multiplication if vines of 10 cm in length are considered. The genotypes evaluated in the current study had different growth habits. In terms of growth habits in sweetpotato, varieties are categorized as either erect bushy, intermediate or spreading based on the length of their vines. For example, Irene which is an erect bushy variety had sprout length of 41.72 cm and could provide between two to four cuttings for planting depending on planting method. Spreading genotypes such as Caelan, Delvia, Bita, Ivone, Alisha, Tacna and Xiadla-xikau provided more vine cuttings (4 to 10) within the same period. Tacna, introduced from Peru as a drought tolerant variety is also good under drought.
Adoption of the sand storage and sprouting technology is a viable option of preserving genotypes in dry prone areas and as a source of planting material. Storing sweetpotato roots in the soil is not new to smallholder farmers in dry prone areas as farmers are already storing their harvest in soil pits, and ash is used as desiccating agent and reduce the incidences of rotting and sprouting (Hall and Devereau 2000) . In these system, storage can go from 2 to 5 months depending on variety. Emphasis need to be put on the types of roots to be stored and when are the roots planted for sprouting. Per the current results, location influenced number of sprouts per root and length of the vines from the sprouts. Agronomic management of the nurseries are embedded into the effect of location. Farmers need to irrigate the nursery regularly to avoid water stress to the sprouts. In addition, weeding of the nursery is important to minimize competition for resources in the nursery.
Vines from the sprouts were virus free and reliable source of planting material for the subsequent crop. Studies by Campilan et al. (2002) showed that use of high quality planting material generated by farmers can result in yield increases of up to 37%. In China, where use of sprouts as a source of new seed is a widespread practice, yield advantages of 30% above normal planting material were recorded (Fuglie et al. 1999) . Farmers in drought prone areas can conserve sweetpotato varieties through storage roots and get planting material through sprouting at a minimal expense. Diseases and pests must be eradicated during storage of roots in sand. The smallscale farmers should minimize injury at harvest and during transportation and storage. Root damage increase respiration and the dormancy period will be broken before long storage and sprouting will begin in storage. Damage from rodents should be avoided at all costs. The storage room should be dry and no wet roots should be placed in storage. In the current study, seasonal effects (year) were not significant for number of sprouts per root implying genotypes will always sprout from season to season under conducive environments.
Data on storage root quality were measured to assess the influence of nutrients on sprouting of genotypes. Starch is converted into sugar, the principal nutrient for respiration. A significant and positive correlation existed between starch content of roots at harvest and the number of sprouts per root. The accumulation of carbon dioxide and heat energy during the oxidation of starch breakdown, root dormancy and sprouting is initiated. In the current study, the dry matter and starch contents decreased by less than an average of 11% during the four months storage period indicating that storage in sand method had the ability to preserve the starch composition which is a critical energy reserve for sprouting. This was confirmed by the significant negative correlation that existed between starch content after four months of storage and the number of sprouts coming out of the roots.
Conclusions
Sand storage of sweetpotato roots and sprouting them at an appropriate time is a novel technology which needs promotion among smallholder farmers to increase sweetpotato production and harness healthy benefits associated with OFSP in drought prone areas. New markets are developing for sweetpotato in Mozambique, however, their viability will require continuous supply of storage roots in sufficient quantities. This requires a strong source of planting materials, like the one which does not fail due to prolonged dry periods. With appropriate varieties, suitable cultural and agronomic management practices it may be possible to successfully produce sweetpotato using roots in the dry areas of Mozambique.
